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SUMMARY

;23525/

The photometric analysis of meteors shows anomalously low
values of meteor particle density and its decrease along the meteor
path. It is shown, that these anomalies can be explained by the pre-
sence of gradual fragmentation. A factor of meteor fragmentation is
obtained as a function of mass.

It is shown that the minimum masses of meteor particles, under-

-4 -6

going no further fragmentation, constitute 10 " <+ 107 g. A distribu-

tion function by masses is obtained for meteor bodies, taking into ac-

count the fragmentation factor. jzzz;;
. A
* *

Analysis of the base meteor photographs provides the possibili-
ty of obtaining the velocity heights, the mass decelerations and 6ther
characteristics of meteor bodies at various points of their path. Uti-
lizing these data and the equations of physical theory of meteors, it
is possible to determine the density of the terrestrial atmosphere in
the 80 — 120 km altitude range by assigning oneself the demsity of the
meteor body.

With the availability of data on the density of the terrestrial
atmosphere, obtained with the aid of rockets and satellites, significant
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deflections of meteor data from those obtained by rockets were revealed;
they vary with height and depend on the assumed density of the meteor
body as well as on the brightness of meteors themselves. Thus, the curve
of atmosphere density variation, obtained by the bright meteors and bolides,
shows a significant deflection from the mean curve obtained from rocket
data, though its inclination is the same, Therefore, the values of atmo-
sphere density gradient, obtained by both methods, are in agreement.

The curve discrepancy may be reduced to minimum by decreasing the den-
sity of meteor bodies to 1,0 — 0,01 g em™. Still greater anomalies are
obtained for weak meteors (to +3® , sometimes to +42), photographed by
Super-Schmidt cameras [1]. Observed for most of these meteors are the too
great deceleration and mass loss at vaporization, which can not be ex-
plained by atmosphere density variations. All these phenomena are ex-
plained in [1] by a gradual fragmentation of meteor bodies, having a
porous and friable structure. Such kind of anomalies are also observed
for bright meteors, to which it will be referred in the present work.
The distinction apparently consists only in that among bright meteors
(brighter than O™), their lesser percentage is observed with anomalous
characteristics. At any rate, it is quite clear that the parameters of
the upper atmosphere, obtained with the aid of rockets, are known much
better than the properties of meteors and meteor bodies. Utilizing the
atmosphere densities from rocket data, it is possible to derive specific
conclusions on the properties of meteor bodies.

For most of meteors endowed with noticeable deceleration, the
densities are obtained very low (10™1 ~1072 gcm’). This, and other ano-
malies, to which it was referred above, disappear, provided one assumes
that we have to do with poorly packed "dust balls"™ or with bodies of *
porous structure, already disintegrating at low aerodynamic pressure of
nvloh'dyne cm™2  into separate "grains" or fragments with ~ 10°A ---Z!.O-5
g. mass, rather than with durable stone or iron meteor bodies [3] . These
fragments are most probably endowed with normal demnsity, and the vapori-
gation of every one of them is subject to the meteor physics equation

for a single noncrushing meteor body. The fragmentation process progresses

* (see [2])
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with the increase of aerodynamic pressure; part of fragments, undergoing a
greater deceleration than the main meteor body, form the meteor tail. The
latter appears on photographs obtained witha shutter in the form of light
patches between meteor strokes. Such photographs are fairly often encounter-
ed. Moreover, meteors with clearly expressed tails were more than once
visually observed, [4, 5].

Results of Analysis of Meteor Photographs.- Let us examine the
the results of kinematic and photometric processing of photographs of five
selected meteors with clearly exvressed deceleration, photographed at
observation stations of the Astronomical Observatory of Kiyev University
(Lesniki and Tripol'ye) in the years 1958 and 1959, using NAFA-3¢/25
cameras. The masses of meteor bodies are determined as a result of inte-

gration of photometric curves I = I(t)

ta
2¢ 1
M=—\_d (1)
To §v’ !
where M 1is the mass of the meteor body at the point corresponding to the
time t; ty is the moment of meteor vanishing; I is the intensity of
meteor radiationg T is the luminosity factor (the fraction of kinetic
energy having passed into radiation in the visible part of the spectrum);
Vv is the meteor velocity. The densities of meteor bodies are determined
by the deceleartion 1;’, as is well known :
g O :

&= T"A" = o @
where I’ is the drag coefficient; p is the atmosphere density at the given
height according to rocket data [6]; A is the form factor (coefficient of
shape)
So (Mo )‘l:—ll .

=_'V—o;l:-— ’
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So, Vo, My are respectively the cross section, volume and mass beyond the

atmosphere; | of is the parameter of shape [7], linking the mass and cross
section variations in the process of meteor body vaporigzation

../..




S/8o = (M| Mo)*. &)

According to (3), we have at vaporization of a noncrushing

meteor body
Ys=n=0.

The results of computations, conducted by formulas (1) and (2),
are compiled in Table 1 hereafter,

TABLE 1
woidodt | 2y [z acf o | aeg [ ag o
}

0,780 , (Mo 0,0272 | 0,346
170589 | | a0 00256 | 0.124

0,471 0'00165 40 0,0248 0,0854

0,359 | 000187 00216 | 0.0374

0.0176 | 000600

0,25 (M) 0,110 (Mo)

0,160 0,0316 0.0759 | 0,000964]
18 g::!ig 8'8?;’;3 42 0,0727 0,000565.

X . 0.0655 | 0.000400

00,6870 0,00933 ,U559 0,000253

0,31 | 0.00400 0

0,520 (Mo)

0,245 | 0.00310

0,239 | 0.000877
94 | 0/%24 ¢ 000600

0.208 | 0.00056!

| 0,168 | 0000190

N. B~ Here M; and 6. are respectively the

masses and the density of the meteor body at points of

meteor's path, for which the deceleration is known;

My is the mass of the meteor body at the point of its

appearance on the film.

It should be noted that for the computations, it was admitted
that A =1,21 and p= 3'3 . This is valid for spherical meteor bodies, not
changing their shape in the vaporization process. It may be seen from
Table 1, that anomalously low densities of meteor bodies are obtained,
which, moreover, decrease in time. How can we explain such resultis ?
For the computation of densities of meteor bodies we admitted that drag
coefficient ['= 0.5. Speaking of vaporization of a single meteor body,

such results cannot be explained by errors in the assumed value of r.



Nor can this be explained by errors in the density of the atmosphere
or deceleration velocities and masses of meteor bodies.
The relative error in the computation of the density of the

meteor body by formula (2) can be obtained from the expression

= 1o/ (e + 31+ )+ (F+ (5

In the right-hand part of the formula (under the radical) the
addend (AA/ A)Z s concerning the relative error in the assumed value of
the coefficient of shape, has been dropped, This was done in connection
with the fact, that at p o= 2/ z the measurement range of A is suffi-
ciently great (we shall pause at that below in more detail). If we admit
the maximum relative errors

AT

AL o0 o0, 0,02, 4% — 40,3,

) )

MY (2 ~ 00

v

I
H

(with the admission, when computing AM /M, that the error in the deter-
mination of the stellar magnitude of the meteor attains *0,57), we

obtain
AS /6 =~ +22.

This means, that when determining the densities of meteor par-
ticles by the given method, one may err several times as a maximum, but
in no case 100 times or more.

Perhaps such results can be explained by the fact that the admit-
ted value of A was 1,21, whereas in reality this)fnnction of the para-
meter ) which varies in the process of vaporization? let us turn
directly to the results obtained. let us pause first of all at the fact
that the densities of meteor particles decrease with time, Assume that
this decrease is linked with the variation of the parameter A. Indeed,
it follows from formula (2) that

BTG




that 4is, the density at any point of the path 51 will not remain cons-
tant and equal to the initial demsity 8o, if p = 2/3. The value of

may be estimated for each of the five meteors, comparing the dependences of
the form 1g8;/6.=f(lg Ms/ M), obtained according to data of Table 1, with
the expression (4). To that effect we plotted the graphs (Figs.1l - 5),
approximated by the most convenient dependences. The results of calcula-

tions are compiled in Table 2.
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The densities of meteor bodies at points of

are given in the last column

meteor appearance

TABLE 2
of Table 2. They were computed .
in the assumption, that their o - -
decrease took place along the ekl ‘
entire path in the same fashion " (A—,l;“’;})%{’zygf],o I 8;23
as it did over the portion where 2 “_Q}E,’é“,{,’;‘,;‘,j _0(')?:1 a0 E 0.81
the deceleratiom is determined. # — 43 1g MM 35 10 01.5




It follows from the Table, that to explain the decrease of meteor body
densities, the "parameter" p must be a function of My /M; and it must
take unrealistically high values, which become absurd in the case of
vaporigzing noncrushing meteor body.

The thus obtained very low densities of meteor bodies, just as
their decrease in the process of vaporigation, can be explained without
any sorts of complications, provided we postulate the fragmentation.

In the first approximation we may assume that the body disintegrated
into n equal parts. The deceleration equation for each separate fragment

has the form

dve Apvr An'bpr?
dt OhM ik §'h Mt
(M = nM i)-

The true density of the meteor body is

. I“/a A’/:p’/:lﬂ

0 Vo oo 1y
8 = g = b (3)

Hense, we may see that without accounting the fragmentation
the obtained densities Si will be underrated by o® times. Naturally,
the density of the matter §* remains constant over the entire meteor
path, while Si depends on n, which varies in the process of vaporization.
If n should increase in time, that is if the fragmentation were progress-
ive or gradual, 51 would decrease. Such is the case for the five meteors
brought up. But if n decreased, or somehow fluctuated, 51 would then
either increase or vary periodically. Such cases are also known (see [8]
on page 57).

The number n of particles from (4) and (5) can be expressed :c

a function of mass variation
n= (My| M)3m-2, (6)
As may be seen from Table 2, u>?%s for all the investigated

meteors and it varies in the process of vaporization. In the given case

w characteriges only the intensity of the fragmentation process.




From (6) we may obtain the mean dimension of an elementary frag-
ment (subsequently — noncrushing), if we assume that at the end of meteor
rath (that is at the last measured point), the meteor body itself has
already completely disintegrated, while the remaining fragments continue
to vaporige. It is found, that for the five investigated meteors

_}3. = 10-’*—0- 1()"6 g

a
where My, is the mass of the meteor body at the end of the path. Analo-
gous results were obtained from different consideratiomns in [3, 9].

The gquestion linked with the fragmentation of meteor bodies may
~ be studied more strictly if we set ourselves a distribution law for
crushed fragments by masses, For example, it was shown in [10, 11], that
there are many cases, in which the distribution of logarithms of particle
dimensions or of logarithms of their masses is approximately subject to
the Gauss distribution law. An identical (logarithmically normal) law of
particle distribution by masses was obtained in [12] <for a random, inde-
finitely continuing process of particle fragmentation, In deriving this
law, it was assumed, in particular, that the rate of particle fragmentation
is not a function of the mass of crushing particles. If this rate should
either decrease or increase with the reduction of their sizes, this law
would apparently be inapplicable [12]. It would in all probability be
nearer the inversely exponential.

If we admit, however, that for a swarm, formed by disintegration of
the main body of mass M, the distribution of partiéles by masses should
be subject to the normal logarithmic law, the number of all particles
would then be

S .
oM —_— 2
LI e e a g, 7
c¥2n 12 Mg, =0”

The expression (7) gives the number of particles at some specific
moment of time. The number a will vary in time, whereas the distribution
law will remain the same, A preliminary calculation of fragment's mean
mass, taking into account (7) at & = 0,427 [10]), gives a value ~ 10™7 8o
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The vavorization equation for a body in process of fragmentation
may be approximately written in the form

aM A
—_—= — A& ~hp'h M
) ZQA(S n'spvd- M
or, taking into account (6) (8)

—— D

at
where A 41is the heat transfer coefficient; Q is the vaporigation heat;

a _ %ZMoqusleaM'lr'ﬂpv:’,

A is the mean coefficient of shape of fragments participating in the
vaporigation.

It follows from (8) that the vaporization rate of a meteor body
in process of fragmentation will be n’® times higher than that for a
noncrushing one with an identical mass.

It should be noted that in all probability the fragmentation of me-
teor bodies takes place already at the point of meteor appearamce on the
photofilm. The low values of 55, 1or example, as evidence of that (see
Table 2 for the computed values §, for the beginning of trajectory),

The aerodynamic forces, to which the meteor bodies are subject at points

of appearance, are respectively equal to 1,6-10% 0,67-10%; 0,68-10%: 2.4.10%: 9.8.10%
9,8 » 10* dyne cm~2., They are computed after the approximate formula P P”’ .
These pressuresaIPEISo computed for other meteors. It is found that they
differ little from one another. Thus, for 45 meteors (of which 29 were
obtained in Kiyev [13, 14] and 16 — in Odessa [15] , at point of appearance
we have

ot = (18 £ 1,2) 10 dyne cm~>

This is evidence of very friable and unstable meteor bodies, For
conparison we may point out, that the durability of a calcareous solution
and pumice stone (at static loading) constitutes 107 dyne cm'a, and that

8 -2

of a sandstone is of 10 dyne cm™ <,

Meteor Path Length.- The theoretical value of meteor path length
in the absence of fragmentation can be obtained from the vaporigation equa-

t
ion .'/..
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L G

=73

or, taking into account (3)

aM 1
= — — AA MMy, (9
m 2 oMo P

Let Iy be the length of meteor path from the initial point to
any i -th point, L — the total length of the given meteor (up to the
final point). The atmosphere density corresponding to the height Hi, is

o(Hs)=poexp(—-%‘)- (10) -

Multiplying and dividing the right-hand part of (10) by exp (—H,/H"),
where H, is the height of meteor appearance, H* is the height of the
uniform atmosphere, we shall obtain

o(#) = p(yexp (2 B1),

Since Hy - H; =Lj cos 2y, where Zn is the genithal distance of
the radiant,
LicosZp )

p(H)= o(H:)exp( i

Substituting this into (9) (taking into account that vdt = aL;)

and integrating it over M from Mo to 0, and over L; from O to L, we shall
obtain

i : s 8%
[ 1 ln[i 20My8 cos Zn ]

NAE (1= p) (B (11)

cosZpg
In computing L by this formula we have admitted that Q = 8 .1010

erg g1; 6=3 gem3, A=05 Av=121, pn=05 H" = (65-+85)-10° c» (as a
function of Hl). My, v’o and ZR are known from analysis of photographs.
Liheor Was computed by (11) for 45 meteors [13 — 15] and compared with
observation data on Lyyg = (Hy — Hy) /cos Zp, where Hp is the height of
meteor vanishing. The quantity F = Lypg/ Iyppeoop » Characterizing the decrease
of the observed meteor length vs its theoretical value, We designate this
quantity, as formerly, the fragmentation factor. The results of these




computations are plotted in the form of histograms in Fig, 6. The
maximum number of meteors has F a4 0,3, with the bulk of meteor body
masses having values from 0.1 to 0,2, while the metecor maximum has a
mass of ~ 1,0 g. For other values of masses ¥ will be different. For
example, for meteor bodies with masses of -~ 1072 gy the maximum of me-
teors will have F = 1.0, and for masses of ~ 10™> g it will have F = 0,5
[16]. As the mass increases, F will decrease, that 1s the number of
"fragmentizing" meteor bodies will grow. The dependence F (M) is plotted
in Fig. 7. The fragmentation maximum (minimum of F (M) ) is sustained by
bodies with masses of ~ 10 g, With fmrther increase of mass the number
of fragmentiszing bodies decreases statistically. This is natural, since
during the transition into region of coarser bodies, the asteroid matter
component is felt stronger and stronger, this matter being denser and
more resistant that the matter of comet origin. The dependence of fragment-
ation factor on the mass is approximated by the function

{0,056 (1g M) + 0,097 1g M + 0,09]%, (12)-
F
{0 -
N ————
' B | p
L - . ’/
L u -
, — |

a‘ ”,‘ ”" a‘ F I L 1 1 i H

Distribution Function of Meteor Bodies by Masses, taking into
Account the Fragmentation.- In order to derive the distribution function
by masses, £ (M)dM, we shall take advantage of the fact [7], well known
from visual observations, that the number of meteors grows in geometrical
progression with the increase of stellar magnitude, that is

.6/.0




where A (m)dm is the number of meteors in the range of stellar magni-
tudes from m to m + dm.

The intensity of meteor radiation will grow with the increase of
fragmentationm that is, it will be inversely proportional to F (M) [16]

Inm [ M(m) ]—x FIM{0)]

o = 2=\ o) Foam)

(14)
We may write with a precision to the sign
f(M)dM = A(m)dmn.
Utilizing the Pogson dependence, we may write for meteor of a stream

M*pvcosZn

I = const F )

From the expression (14), we determine m = m(M)

m(M) = —2,5 1g {[M/M(0)]=F[11(0)] / F (M)}, (15)
where M (0) is the mass of the meteor body creating a O® meteor. From

(15), and taking into account (12), we have
— ioal= _ 0011lnM 400217
dm (M) = 1’08[,11 MR 1

A(0)M=x(0) Fx(M)

Alm(M)] === ) (=251gw).

In the given case, the distribution of meteor bodies by masses,
taking into account the fragmentation for the meteors of the shower
(¢ = const), will have the form

F(MyaM = %m—t (M)— (0,041 1n M+ 0,031) -0 (M))dM, (1)

where B is a certain comstant, F (M) is given by the expression (12)
s=1425zlgx, r =~ 1,0.If the dependence (16) is presented in the usual form

f(M)dM = BM—-*dM, os/ee
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where s, is the parameter &, computed taking into account the fragment-

ation, we have
sp =8 + 1g[F— (M) — (0,011 In M4 0,029)F-3(M)] [1lgM. (17)

It is easy to see that s ==
Presented in Table 3 are the values of s, for s=1,50;2.00 and
2.50 for various values of the mass, computed by the formula (17).

TABLE 3

———

8o

s | M=10"lg| 1073g| 103z | 1071g | 1 ¢

| 1.5 | 1.50 | 1.52 |1.57 | 1.79 | 1.60
2.0 2,00 |2.06 |2.18 |2.63 | 2.20
2.5 2.53 2.60 |2.79 | 3.46 2.80

Therefore, when failing to take into account the fragmentationm,
we systematically underrated the value of the parameter s, and by the same
token, we overrated the role of coarser meteor bodies,

PP THE END P
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